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A computer implemented method, computer program prod 
uct, and data processing system for performing analysis on a 
plurality of data stored in a database. In an illustrative 
method, a ?rst cohort is generated from the plurality of data. 
An optimal control cohort is generated from the plurality of 
data. Generating is performed based on the ?rst cohort and at 
least one constraint, and a mathematical process is used to 
derive the optimal control cohort. A ?rst inference is gener 
ated based on a comparison of the ?rst cohort to the optimal 
control cohort, Wherein the ?rst inference is absent from the 
database. In an illustrative example, the ?rst inference is 
stored. 
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SYSTEM AND METHOD FOR THE 
LONGITUDINAL ANALYSIS OF EDUCATION 
OUTCOMES USING COHORT LIFE CYCLES, 
CLUSTER ANALYTICS-BASED COHORT 
ANALYSIS, AND PROBABLISTIC DATA 

SCHEMAS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates generally to an 
improved method, computer program product, and data pro 
cessing system. More particularly, the present invention 
relates to analysis of educational outcomes using cohorts and 
probabilistic data schemas. 
[0003] 2. Description of the Related Art 
[0004] Educational methods and outcomes are subject to 
intensive debate in the United States and other countries. In 
the United States, a great deal of both Federal and State 
legislation has been passed in an effort to improve education. 
However, a great deal of analysis is generated without achiev 
ing much learning because educational analysis is not funda 
mentally data-centric. While statistics and tests may be gen 
erated, very little knowledge concerning students, teachers, 
curricula, and outcomes is generated through extended time 
periods. For example, factors such as demographics, person 
ality, and learning styles of teachers and students is not taken 
into account, and educational and life success of individual 
students is not taken into account. Instead, known solutions 
regarding educational outcomes tend to be episodic, simple 
statistical analytics that tend to be used in an outcome-driven 
manner. In some cases, a criticism of current data gathering 
techniques in the area of education is that the data gathering 
techniques and/or the subsequent analysis are designed to 
support speci?c outcomes in order to achieve some political 
objective. 
[0005] Data processing in many industries, for example, 
the healthcare industry, may be done at a cohort level. A 
cohort is a set or group of things or people sharing similar 
characteristics. See our application Ser. No. l l/404,330, ?led 
Apr. 13, 2006, for a further discussion of the application of 
cohorts to the healthcare industry. 
[0006] Use of cohorts can be improved via control cohorts. 
A control cohort is a group selected from a population that is 
used as the control group. The control cohort is observed 
under ordinary conditions while another group is subjected to 
the hypothetical treatment or other factor being studied. The 
data from the control group is the baseline against which all 
other experimental results are measured. For example, a con 
trol cohort in a study of medicines for colon cancer may 
include individuals selected for speci?ed characteristics, 
such as gender, age, physical condition, or disease state that 
do not receive the hypothetical treatment. The use and 
improvement of control cohorts is further described in our 
application Ser. No. 11/542,397, ?led Oct. 3, 2006. 
[0007] The control cohort is used for statistical and analyti 
cal purposes. Particularly, the control cohorts are compared 
with action or hypothesis cohorts to note differences, devel 
opments, reactions, and other speci?ed conditions. Control 
cohorts are heavily scrutiniZed by researchers, reviewers, and 
others that may want to validate or invalidate the viability of 
a test, hypothetical treatment, or other research. If a control 
cohort is not selected according to scienti?cally accepted 
principles, an entire research project or study may be consid 
ered of no validity wasting large amounts of time and money. 
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In the case of education research, selection of a less than 
optimal control cohort may prevent proving the ef?cacy of a 
drug or hypothetical treatment or incorrectly rejecting the 
e?icacy of a drug or hypothetical treatment. In the ?rst case, 
billions of dollars of potential revenue may be lost. In the 
second case, a drug or hypothetical treatment may be neces 
sarily withdrawn from marketing when it is discovered that 
the drug or hypothetical treatment is ineffective or harmful 
leading to losses in drug development, marketing, and even 
possible law suits. 
[0008] As stated above, to date, studies of educational out 
comes have been ?awed. Additionally, to date, cohorts and 
control cohorts have not been applied to in-depth, data-cen 
tric analysis of educational outcomes. 

SUMMARY OF THE INVENTION 

[0009] The illustrative embodiments include a computer 
implemented method, computer program product, and data 
processing system for performing analysis on a plurality of 
data stored in a database. In an illustrative method, a ?rst 
cohort is generated from the plurality of data. An optimal 
control cohort is generated from the plurality of data. Gener 
ating is performed based on the ?rst cohort and at least one 
constraint, and a mathematical process is used to derive the 
optimal control cohort. A ?rst inference is generated based on 
a comparison of the ?rst cohort to the optimal control cohort, 
wherein the ?rst inference is absent from the database. In an 
illustrative example, the ?rst inference is stored. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, however, as well as a preferred mode of use, further 
objectives and advantages thereof, will best be understood by 
reference to the following detailed description of an illustra 
tive embodiment when read in conjunction with the accom 
panying drawings, wherein: 
[0011] FIG. 1 is a block diagram illustrating a data process 
ing system, in accordance with an illustrative embodiment; 
[0012] FIG. 2 is an exemplary network environment, in 
accordance with an illustrative embodiment; 
[0013] FIG. 3 is a ?owchart illustrating operations of 
cohorts, in accordance with an illustrative embodiment; 
[0014] FIG. 4 is a ?owchart illustrating operations of 
cohorts, in accordance with an illustrative embodiment; 
[0015] FIG. 5 is a ?owchart illustrating operations of 
cohorts, in accordance with an illustrative embodiment; 
[0016] FIG. 6 is a pictorial representation of a data process 
ing system in which an illustrative embodiment may be 
implemented; 
[0017] FIG. 7 is a block diagram ofa data processing sys 
tem in which an illustrative embodiment may be imple 
mented; 
[0018] FIG. 8 is a block diagram of a system for generating 
control cohorts in accordance with an illustrative embodi 

ment; 
[0019] FIGS. 9A-9B are graphical illustrations of cluster 
ing in accordance with an illustrative embodiment; 
[0020] FIG. 10 is a block diagram illustrating information 
?ow for feature selection in accordance with an illustrative 

embodiment; 
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[0021] FIG. 11 is a block diagram illustrating information 
How for clustering records in accordance With an illustrative 
embodiment; 
[0022] FIG. 12 is a block diagram illustrating information 
How for clustering records for a potential control cohort in 
accordance With an illustrative embodiment; 
[0023] FIG. 13 is a block diagram illustrating information 
How for generating an optimal control cohort in accordance 
With an illustrative embodiment; 
[0024] FIG. 14 is a process for optimal selection ofcontrol 
cohorts in accordance With an illustrative embodiment; 
[0025] FIG. 15 is a ?owchart illustrating execution of a 
query in a database to establish a probability of an inference 
based on data contained in the database, in accordance With 
an illustrative embodiment; and 
[0026] FIGS. 16A and 16B are ?oWcharts illustrating 
execution of a query in a database to establish a probability of 
an inference based on data contained in the database, in 
accordance With an illustrative embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0027] Combined, the cohorts, control cohorts, and proba 
bilistic generation of inferences described herein alloW for a 
poWerful method of performing educational outcome analy 
sis. Combined, the illustrative embodiments support the lon 
gitudinal analysis of various testing methods and learning 
styles. Such longitudinal analyses support the processing of 
information knoWn to a high degree of validity based on 
derived probabilities. 
[0028] Potential outcomes include the analysis of long term 
outcomes measured across multiple diverse metrics of inputs, 
such as students, teachers, curricula, resources, legislation, 
parental involvement, family income of student families, 
school geographical location, learning styles, teaching styles, 
race, gender, ethnicity, religious orientation, and possibly 
many other factors. Additionally, millions of students and 
teachers can be included in any given study over multiple 
decades, thereby vastly increasing the applicability and valid 
ity of any given hypothesis testing. 
[0029] This approach creates a much deeper, qualitatively 
superior analysis of educational outcomes and hypothesis 
testing relative to older, simple, outcome-driven statistical 
methods. Thus, the illustrative embodiments Would alloW for 
the creation of superior education policies based on a vast 
storehouse of empirical data, rather on limited statistical stud 
ies. Superior education policies are those education policies 
that result in more effective student learning and in higher 
rates of life success in students after students graduate from 
school. 

[0030] In considering hoW to accomplish this goal, the con 
cept and use of cohorts is explored ?rst. Research in many 
?elds may be conductedusing cohort data. As used herein, the 
term “cohort” refers to a set or group of things or people 
sharing similar characteristics. Characteristics may include, 
for example, physical characteristics, presence or absence of 
a condition or conditions, age, geographic location and the 
like. The cohort may be de?ned by the person conducting the 
research study, and a research study may include one or more 
cohorts. For example, a researcher may be researching the 
effect of a particular education style on male sixth-grade 
students’ success in high school. Thus, the cohort may be 
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de?ned by characteristics including male, grade, age, leam 
ing style, high school graduation rates, test scores, and pos 
sibly many other factors. 
[0031] Although research studies are discussed herein With 
respect to the educational studies, embodiments of the illus 
trative embodiments are not limited to this ?eld. For example, 
other illustrative embodiments may be used for studies in any 
?eld that lend themselves to the use of cohorts Without depart 
ing from the scope of the illustrative embodiments. 
[0032] Currently, there is no easy and convenient Way of 
maintaining complete records of the global differences 
betWeen educational outcomes and control cohorts of 
research studies involving multiple cohorts. Typically, at the 
end of a research study (project), the oWner (administrator) of 
the study Will publish the study (or report associated there 
With). The information published can be very detailed and 
Without a method or system for maintaining the information. 
Consolidating the information and present it in a useful Way 
can be dif?cult. Furthermore, because there is no easy Way to 
maintain information associated With the study, not every 
thing may be recorded. For example, each time a potential 
subject for the study is considered and denied, the informa 
tion associated With this candidate and Why he or she Was 
rejected may not be recorded. Thus, the study oWner may be 
accused of “cherry picking” the members of the study and 
have nothing documented to prove otherWise. 
[0033] Many times When a research study is performed, 
tWo cohorts may be used in the study. The tWo cohorts may be 
an initial cohort and a cohort that is statistically balanced to 
the initial cohort. In other Words, the initial study may include 
a 100 member cohort and a statistically balanced cohort hav 
ing 100 members, each of Which has demographic informa 
tion, curriculum information, and learning style information 
as close as possible to a corresponding member of the initial 
cohort. Without any method or system of recording the data 
With respect to the initial cohort and its 100 members, choos 
ing the members of the statistically balanced cohort may be 
relatively dif?cult. 
[0034] The illustrative embodiments described herein pro 
vide for storing, organiZing and/or manipulating cohort based 
information associated With a research study are provided. 
For example, a study oWner (administrator) may create a 
virtual ?le draWer that includes information on one or more 
cohorts for the study and the members of these cohorts. Fur 
thermore, the oWner may store any information associated 
With the study in the virtual ?le draWer associated With the 
study. The information in the virtual ?le draWer may be saved 
in such a Way that it can be searched, manipulated and the like. 
[0035] The illustrative embodiments alloW inclusion of 
research queries in cohorts, such as queries that Were used to 
generate the cohort. The illustrative embodiments may be 
con?gured to recall details of the previously run queries, such 
as Which members Were excluded due to a given reason. This 
capability is useful in a research study extending over mul 
tiple years. Details of some illustrative embodiments Will be 
further discussed beloW With respect to FIGS. 1 through 5. 
[0036] FIG. 1 is a block diagram illustrating a data process 
ing system, in accordance With an illustrative embodiment. 
FIG. 1 illustrates an exemplary data processing system 100 or 
computer database environment that may be included in 
devices operating in accordance With some illustrative 
embodiments. As illustrated, the data processing system 100 
includes a processor 138, a memory 136 and input/output 
circuits 146. The data processing system 100 may be incor 
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porated in, for example, a personal computer, server, router or 
the like. The processor 138 communicates With the memory 
136 via an address/data bus 148 and communicates With the 
input/output circuits 146 via an address/data bus 149. The 
input/output circuits 146 can be used to transfer information 
betWeen the memory 136 and another computer system or a 
netWork using, for example, an Internet protocol (IP) connec 
tion. These components may be conventional components 
such as those used in many conventional data processing 
systems, Which may be con?gured to operate as described 
herein. 

[0037] In particular, the processor 138 can be any commer 
cially available or custom microprocessor, microcontroller, 
digital signal processor or the like. The memory 136 may 
include any memory devices containing the softWare and data 
used to implement the functionality circuits or modules used 
in accordance With the illustrative embodiments. The 
memory 136 can include, but is not limited to, the folloWing 
types of devices: cache, ROM, PROM, EPROM, EEPROM, 
?ash memory, SRAM, DRAM and magnetic disk. In some 
illustrative embodiments, the memory 136 may be a content 
addressable memory (CAM). 
[0038] As further illustrated in FIG. 1, the memory 136 
may include several categories of softWare and data used in 
the data processing system 100: an operating system 152; 
application programs 154; input/output device drivers 158; 
and data 156.As Will be appreciated by those of skill in the art, 
the operating system 152 may be any operating system suit 
able for use With a data processing system, such as OS/2, AIX 
or ZOS from International Business Machines Corporation, 
Armonk, N.Y., WindoWs95, WindoWs98, WindoWs2000 or 
WindoWsXP from Microsoft Corporation, Redmond, Wash., 
Unix or Linux. The input/output device drivers 158 typically 
include softWare routines accessed through the operating sys 
tem 152 by the application programs 154 to communicate 
With devices such as the input/ output circuits 146 and certain 
memory 136 components. The application programs 154 are 
illustrative of the programs that implement the various fea 
tures of the circuits and modules according to some illustra 
tive embodiments. Finally, the data 156 represents the static 
and dynamic data used by the application programs 154, the 
operating system 152, the input/output device drivers 158, 
and other softWare programs that may reside in the memory 
136. As illustrated in FIG. 1, the data 156 may include cohort 
?les 130, 131 and 132, cohort member ?les 133 and 134 and 
reports 135 for use by the circuits and modules of the appli 
cation programs 154 according to some illustrative embodi 
ments, as discussed further herein. 

[0039] Although three cohort ?les 130, 131 and 132, tWo 
cohort member ?les 133 and 134 and a single reports ?le 135 
are illustrated in FIG. 1, the illustrative embodiments are not 
limited to this con?guration. For example, more or less than 
three cohort ?les, more or less than tWo cohort member ?les 
and more than one reports ?le may be present Without depart 
ing from the scope of the illustrative embodiments. Further 
more, as further illustrated in FIG. 1, the cohort ?les 130, 131 
and 132 may be present in one or more virtual ?le draWers. In 
other Words, the same cohort ?les may be used in tWo differ 
ent studies associated With tWo different ?le draWers. In par 
ticular, cohort ?le 1 is present in a ?rst virtual ?le draWer 137 
and cohort ?le 3 is present in a second virtual ?le draWer 138. 
Furthermore, cohort ?le 2 131 is present in the ?rst and 
second virtual ?le draWers 137 and 138. Similarly, cohort 
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member ?les may be present in one or more ?le draWers 
Without departing from the scope of the illustrative embodi 
ments. 

[0040] As further illustrated in FIG. 1, according to some 
illustrative embodiments, the application programs 154 
include a project creation module 121, a query generation 
module 122, a search module 123, a report generation module 
124, a cohort creation module 125, a storage module 126, a 
scheduling/delivery module 127 and a detail module 128. 
While the illustrative embodiments are illustrated With refer 
ence to the project creation module 121, the query generation 
module 122, the search module 123, the report generation 
module 124, the cohort creation module 125, the storage 
module 126, the scheduling/delivery module 127 and the 
detail module 128 being application programs in FIG. 1, as 
Will be appreciated by those of skill in the art, other con?gu 
rations fall Within the scope of the illustrative embodiments. 
For example, rather than being application programs 154, 
these circuits and modules may also be incorporated into the 
operating system 152 or other such logical division of the data 
processing system 100. 
[0041] Furthermore, While the project creation module 121, 
the query generation module 122, the search module 123, the 
report generation module 124, the cohort creation module 
125, the storage module 126, the scheduling/ delivery module 
127 and the detail module 128 are illustrated in a single data 
processing system, as Will be appreciated by those of skill in 
the art, such functionality may be distributed across one or 
more data processing systems. Thus, the illustrative embodi 
ments should not be construed as limited to the con?guration 
illustrated in FIG. 1, but may be provided by other arrange 
ments and/ or divisions of functions betWeen data processing 
systems. For example, although FIG. 1 is illustrated as having 
various circuits and modules, one or more of these circuits or 
modules may be combined Without departing from the scope 
of the illustrative embodiments. 

[0042] FIG. 2 is an exemplary netWork environment, in 
accordance With an illustrative embodiment. FIG. 2 illustrates 
an exemplary environment 205 for operations and devices 
according to some illustrative embodiments. As illustrated in 
FIG. 2, the environment 205 may include a communications 
device 210, a netWork 220, a ?rst server 240 and a second 
server 245. It Will be understood that the communications 
device 210 illustrated in FIG. 2 may include the data process 
ing system 100 or database environment discussed above 
With respect to FIG. 1. The communications device 210 may 
be, for example, a laptop computer, a desktop computer, a 
personal data assistant (PDA), a Web capable mobile terminal 
or any device capable of communicating With the netWork 
220. The communications device 210 may include a user 
interface 244 and a Web broWser 215 that may be accessed 
through the user interface 244. The ?rst and second servers 
240 and 245 may include ?rst and second database environ 
ments 230 and 235, respectively, Which may include subject 
records and information for use in some illustrative embodi 
ments. The communications device 210 may communicate 
over the netWork 220, for example, the internet, through a 
telephone line, a digital subscriber link (DSL), a broadband 
cable link, a Wireless link or the like. The ?rst and second 
servers 240 and 245 may also communicate over the netWork 
220. Thus, the netWork 220 may convey data betWeen the 
communications device 210 and the ?rst and second servers 
240 and 245. 
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[0043] When an owner (or administrator) of a research 
study begins a neW study he or she may create a neW virtual 
?le draWer for the research study. The user interface 244 for 
the computer database environment 100 may be used to enter/ 
provide project information associated With the research 
study or project. 
[0044] Before this information can be entered, in some 
illustrative embodiments, a user may have to provide autho 
riZation information. In some illustrative embodiments, the 
user may enter both user identi?cation and a role code as 
discussed in, for example, copending U.S. patent application 
Ser. No. 11/349,408, ?led Feb. 7, 2006. 
[0045] Once authoriZed, the user may enter cohort infor 
mation, for example, demographic, genetic, educational, and/ 
or life style characteristics for the members of the cohort. As 
discussed above, as used herein, a “cohort” refers to a group 
or set of things or people sharing or potentially sharing one or 
more characteristics. For example, “characteristics” accord 
ing to some illustrative embodiments may include physical 
characteristics, presence or absence of a condition or condi 
tions, age, geographic location and the like. The cohort may 
be de?ned by the person conducting the research study and a 
research study may include one or more cohorts. For 
example, a researcher may be researching the effect of a 
learning style on life ultimate success of students, as evalu 
ated according to predetermined criteria. Thus, the cohort 
may be de?ned by characteristics including learning styles, 
student age, and the predetermined criteria. 
[0046] In some illustrative embodiments, the entered 
cohort information may be associated With an existing cohort. 
For example, existing cohorts may be split, merged and/or 
copied to provide the entered cohort information. Cohorts 
may be inherited from external systems and used as, for 
example reference cohorts. 
[0047] The user may also enter subject information regard 
ing a subject of the study (such as an individual student) 
through the user interface 244. The subject information may 
include, for example, name, address, phone number, age, 
learning style, details thereof, and the like. The subject infor 
mation may also include testing data associated With the 
subject. This information may be stored directly in the com 
puter database environment. Alternatively, a link may be 
stored in the computer database environment 100 Which 
alloWs access to information stored on external databases, 
such as the subject information database 230 on the ?rst 
server 240 and the information database 235 on the second 
server 240. Similar to cohorts, the entered subject informa 
tion may be associated With an existing subject. For example, 
existing subject information may be split, merged, copied 
and/ or inherited from external systems. 
[0048] A project or research study may have from Zero to N 
cohorts. A cohort may have from Zero to M members (sub 
jects, subjects, and the like). A single cohort may belong to 
one or more research studies. Cohorts have roles or purposes, 
for example, a control cohort in research studies (projects) 
that may change over time. Cohort members also have roles 
or purposes, for example, control, rejected, drug, hypothetical 
treatment, dropped and the like, in cohorts that may change 
over time. 

[0049] Once the cohort/subject information is entered 
through the user interface 244, the project creation module 
121 may be con?gured to generate a virtual project draWer 
associated With the research study or project to be stored in 
the computer database environment 100. The cohort informa 
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tion and/or subject information entered by the user may be 
placed in cohort ?les and the cohort ?les may include cohort 
member ?les including the subject information entered by the 
user. These ?les may all be stored in the virtual ?le draWer 
created for the project or research study. Once these ?les are 
created and stored they may be modi?ed, searched, reorga 
niZed, deactivated and the like Without departing from the 
scope of the illustrative embodiments. Any manipulation of 
the data stored in the virtual ?le draWer, for example, addi 
tion, deletion, relocation, reorganization and the like, may be 
tracked, recorded and can be recreated at any point in the 
study according to some illustrative embodiments. 
[0050] The project creation module 121 may be con?gured 
to use a series of education record numbers (MRNs), of 
subjects entered by the user. A business intelligence tool may 
be used to create a query to return subjects for a cohort. The 
project creation module 121 may be con?gured to prompt a 
user to upload a properly formatted document With subject 
MRNs or agreed upon unique identi?er. In certain embodi 
ments, the project creation module 121 may be con?gured to 
use an algorithm to create a statistically equivalent cohort 
based on selected criteria. Furthermore, the project creation 
module 121 may be con?gured merge existing cohorts or split 
existing cohorts to create a neW cohort. 
[0051] Thus, preparing a report of the research study may 
be relatively less dif?cult, because all of the information is 
stored and accessible electronically. For example, even infor 
mation associated With rejected cohort members may be 
stored in the virtual ?le draWer With a roleirejected and the 
reasons therefore. Thus, the possibility of being accused of 
“cherry picking” cohort members may be reduced. Further 
more, building a statistically balanced cohort as discussed 
above may be relatively less dif?cult according to some illus 
trative embodiments, Which Will be discussed further beloW. 
[0052] In particular, a statistically balanced cohort can be 
generated using equations according to some illustrative 
embodiments. To minimiZe the sum of the Weights for the set 
of the study/control pairing, the folloWing equation is used: 

" m Equation (1) 

MinimizeZ Z Weighli’j*SOS,-’j 
[:1 j:l 

Objective Function 

[0053] Where n is the subject number in the hypothesis 
cohort and m is the subject number in the (statistically bal 
anced) control cohort 

” Equation (2) 
Subject m2 SOSt-yj : 1 For j: l, m 

[:1 

[0054] In some illustrative embodiments, each subject in 
the hypothesis cohort must be matched to exactly one subject 
in the control group (statistically balanced cohort), 

m Equations (3) 
Z s0sLj51=1 Fori=1,n 
j:l 
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Subjects in the control group can be used Zero or one times. 

SOSZ-J- 6 0,1 Equation (4) 

The values of the selections vector can only take on the 
integer values of one or Zero. Using these equations to locate 
members of the statistically balanced cohort alloW these 
cohorts to be created relatively easier relative to creation 
Without a computer database environment. 
[0055] Although virtual ?le draWers discussed herein 
include cohort ?les and cohort member ?les, the illustrative 
embodiments are not limited by these examples. The virtual 
?le folders may include any information associated With the 
project or research study. For example, a research grant appli 
cation that preceded the beginning of the study may also be 
stored in the virtual ?le draWer Without departing from the 
scope of the illustrative embodiments. Furthermore, the 
project information may further include oWner information, 
authoriZed user information, a title of the project and/or start 
and/ or end dates associated With the project. 

[0056] Although the creation of a single virtual ?le draWer 
is discussed herein, the illustrative embodiments are not lim 
ited to this con?guration. For example, tWo or more virtual 
?le draWers 137 and 138 may be present in the computer 
database environment 100 Without departing from the scope 
of the illustrative embodiments. Furthermore, cohort ?les 
and/ or cohort member ?les may be included in one or more 
virtual ?le draWers Without departing from the scope of the 
illustrative embodiments. 

[0057] Once the cohort ?les and member ?les are created, a 
query generation module 122 may be con?gured to generate 
a query so as to locate project information, cohort information 
and/ or subject information associated With the one or more of 
the projects (research studies) having associated virtual ?le 
draWers 137 and 138 in the computer database environment 
100. The query generation module 122 alloWs the user to 
generate a query by selecting data elements (columns) for 
report. For example, the user may select age, gender, stage 
total/positive nodes, and the like. Also included may be pre 
de?ned aggregation and data functions, such as average age. 
The query generation module 122 may also be con?gured to 
alloW the user to select pre-existing query ?lter elements 
(criteria). For example, the user may select a study data range, 
subject learning style, subject grade, subject demographics, 
school system, teacher, and the like. 
[0058] The query generation module 122 may also be con 
?gured to alloW a user to create any custom query ?lter 
elements. For example, a user may drag and drop elements 
needed for custom ?lter onto the query. Each of these data 
elements may be individually and collectively ?ltered. For 
example, “(teacher in (A, B, C) or (age>65)) and 
(Gender:M).” The query generation module 122 may also be 
con?gured to alloW the user to enter any Free Text/ Semantic 
OmniFind criteria. For example, the user enters a Free Text or 
a Semantic Search. 

[0059] In particular, the free text and semantic search tool 
OmniFind can be called to return results based on a users 

entered criteria When necessary. The free text and semantic 
criteria may be provided to OmniFind, Which Will execute the 
query. The results of the query may be provided to the com 
puter database environment Where they may be manipulated 
into a single report ?lter. The computer database environment 
may then insert that report ?lter into the user’s report. At this 
point, control of the querying process may be returned to the 
query generation module 122 Where the remaining elements 
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of the querying may be handled. In some illustrative embodi 
ments, the query generation module 122 may be con?gured to 
build and manipulate the query, the data and input process in 
a business intelligence tool. 
[0060] Once the query is generated, the search module 123 
may be con?gured to search the virtual project draWers 137 
and 138 according to the generated query so as to locate 
results therein that may be relevant to the research study. In 
some illustrative embodiments, the search module 123 may 
be con?gured to use OmniFind. The report generation mod 
ule 124 may be con?gured to generate a report including the 
located results. 
[0061] In particular, once the search is complete, the report 
generation module 124 may be con?gured to generate the 
report responsive to a user selecting a “report” button on the 
user interface 244. In some illustrative embodiments, the user 
may apply style/formatting template to the query result and 
may add any desired custom aggregations by inserting cells 
and de?ning aggregation, for example, average (LOS). The 
user may select sort criteria for the report by, for example, 
clicking on one or more columns of the report. 

[0062] In other Words, the query generation module 122 is 
further con?gured to modify the generated query. The search 
module 123 may be further con?gured to search the project 
draWers according to the modi?ed query so as to locate modi 
?ed results therein that may be relevant to the research study. 
The report generation module 124 may be further con?gured 
to generate a modi?ed report including the modi?ed results. 
As discussed above, the report generation module 124 is 
further con?gured to modify and/or customiZe the generated 
report based on user input. 

[0063] FinaliZed reports may be stored, for example, in the 
reports 135 section of the memory 136. To access these 
reports, the user may be presented With a list of existing 
reports. A user may, for example, click on a desired report on 
a graphical user interface provided on the communications 
device 210. The graphical user interface according to some 
illustrative embodiments may be customiZed to look like a 
researcher’s notebook, WindoWs ?le system, and the like. In 
other Words, the user can customiZe the interface so that it is 
familiar to them. 

[0064] The report may be executed, modi?ed or custom 
iZed. The authorization level of the user accessing the report 
may de?ne hoW a user is alloWed to use the report. Depending 
on the roles/permissions, the user can execute, modify exist 
ing or customiZe existing reports. Customizing may alloW for 
neW reports to be built on existing ones Without affecting the 
original. 
[0065] According to some illustrative embodiments, a 
?naliZed report stored in the memory 13 6 can be, for example, 
used to build a cohort, saved, scheduled, delivered and/or 
further re?ned. In particular, the cohort creation module 125 
may be con?gured to build a cohort ?le based on the gener 
ated report. The cohort creation module 125 may be con?g 
ured to communicate With the BI Tool to create a cohort from 
the generated report. The process may be instantiated When a 
user decides to create a cohort based of the results of an 
ad-hoc or structured report from the BI Tool. The cohort 
creation module 125 may be con?gured to save the BI Tool 
object and link to it from a cohort database record. The cohort, 
When modi?ed at a later point, may use the BI Tool for 
modi?cation. 
[0066] In some illustrative embodiments, a user can run a 
query to vieW joiners i.e. subjects that currently meet the 
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query criteria used to de?ne the cohort, but did not meet these 
criteria when the query was run last. This query is accom 

plished by regenerating the report, wherein only display those 
subjects who joined since the previous run. 
[0067] The storage module 126 may be con?gured to store 
the generated report. When the report is saved, access levels 
may be set that de?ne who can access the report. The sched 
uling/delivery module 127 may be con?gured to schedule the 
generated report for a run. The run may be executed (the 
report may be executed) at the present moment or be delayed 
for later time. Furthermore, the detail module 128 may be 
con?gured to determine a delivery method for the generated 
report. 
[0068] The detail module 128 may be con?gured to drill 
down into (further re?ne) the generated report to reveal 
underlying detail. For example, if a column of the report 
indicates subject count, a user can, for example, click on the 
number of subjects to reveal more detailed information about 
each of the subjects, such as name, gender, age and test 
results. 

[0069] FIG. 3 is a ?owchart illustrating operations of 
cohorts, in accordance with an illustrative embodiment. In 
FIG. 3, operations begin at block 310 by receiving project 
information associated with a ?rst project at an interface of a 
computer database environment. The project information 
associated with the ?rst project includes cohort information 
associated with one or more cohorts of the ?rst project and 
subject information associated with members of the one or 
more cohorts of the ?rst project. A ?rst virtual project drawer 
associated with the ?rst project may be generated to be stored 
in the computer database environment (block 320). The ?rst 
virtual project drawer includes project information associated 
with the ?rst project, one or more cohort ?les and/or two or 
more cohort member ?les. 

[0070] In some illustrative embodiments, cohorts can 
belong to more than one project. Cohorts can be generated by, 
for example, splitting, copying and/or merging existing 
cohort ?les and/ or member ?les. Project information, accord 
ing to some illustrative embodiments, may include cohort 
data, subject information, owner information, authorized user 
information, a title of the project and/or start and/or end dates 
associated with the project. Cohort members of the project 
share one or more characteristics that de?ne the cohort asso 
ciated with the project and each of the cohort members of the 
project have at least one role associated therewith. The role 
may include, for example, teacher, student, administrator 
and/ or whether any of the subjects have been dropped from 
the study. 
[0071] FIG. 4 is a ?owchart illustrating operations of 
cohorts, in accordance with an illustrative embodiment. 
Operations begin at block 400 by authenticating a user before 
allowing the user access to the computer database environ 
ment. Project information associated with a project is 
received at an interface of a computer database environment 
(block 410). The project information associated with the 
project includes cohort information associated with one or 
more cohorts of the project and subject information associ 
ated with members of the one or more cohorts of the project. 
A virtual project drawer associated with the project may be 
generated to be stored in the computer database environment 
(block 420). The virtual project drawer includes project infor 
mation associated with the project, one or more cohort ?les 
and/ or two or more cohort member ?les. 

Apr. 23, 2009 

[0072] A query may be generated so as to locate project 
information, cohort information and/or subject information 
associated with the ?rst and/ or second projects (block 430). 
One or more project drawers may be searched according to 
the generated query so as to locate results therein that may be 
relevant to the research study (block 440). A report may be 
generated including the located results (block 450). A deter 
mination can be made whether the user is satis?ed with the 
located results in the report (block 460). If the user is not 
satis?ed (block 460), the user may modify/customize the 
query (block 470) and blocks 440 through 470 may be 
repeated until the user is satis?ed with the results (block 460). 
If, on the other hand, the user is satis?ed with the results 
(block 460), operations with respect to query modi?cation 
may be complete. 
[0073] FIG. 5 is a ?owchart illustrating operations of 
cohorts, in accordance with an illustrative embodiment. 
Blocks represented by dotted lines are optional. A report 
based on the located results may be generated (block 550). In 
some illustrative embodiments, the generated report may be 
modi?ed or customiZed (block 580). The generated report (or 
modi?ed/customized report) may be processed (block 590). 
For example, the a cohort ?le may be built based on the 
generated report, the generated report may be saved, the gen 
erated report may be scheduled for a run, a delivery method 
for the generated report may be determined and/or the gen 
erated report may be drilled into (further re?ned) to reveal 
underlying detail associated with the located results as dis 
cussed above. 
[0074] FIGS. 6-7 are exemplary diagrams of data process 
ing environments are provided in which illustrative embodi 
ments may be implemented. FIGS. 6-7 are only exemplary 
and are not intended to assert or imply any limitation with 
regard to the environments in which different embodiments 
may be implemented. Many modi?cations to the depicted 
environments may be made. 
[0075] With reference now to the ?gures, FIG. 6 is a picto 
rial representation of a network of data processing systems in 
which an illustrative embodiment may be implemented. Net 
work data processing system 600 is a network of computers in 
which embodiments may be implemented. Network data pro 
cessing system 600 contains network 602, which is the 
medium used to provide communications links between vari 
ous devices and computers connected together within net 
work data processing system 600. Network 602 may include 
connections, such as wire, wireless communication links, or 
?ber optic cables. 
[0076] In the depicted example, server 604 and server 606 
connect to network 602 along with storage unit 608. In addi 
tion, clients 610, 612, and 614 connect to network 602. These 
clients 610, 612, and 614 may be, for example, personal 
computers or network computers. In the depicted example, 
server 604 provides data, such as boot ?les, operating system 
images, and applications to clients 610, 612, and 614. Clients 
610, 612, and 614 are clients to server 604 in this example. 
Network data processing system 600 may include additional 
servers, clients, and other devices not shown. 
[0077] In the depicted example, network data processing 
system 600 is the Internet with network 602 representing a 
worldwide collection of networks and gateways that use the 
Transmission Control Protocol/Intemet Protocol (TCP/IP) 
suite of protocols to communicate with one another. At the 
heart of the Internet is a backbone of high-speed data com 
munication lines between major nodes or host computers, 
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consisting of thousands of commercial, governmental, edu 
cational and other computer systems that route data and mes 
sages. Of course, netWork data processing system 600 also 
may be implemented as a number of different types of net 
Works, such as for example, an intranet, a local area netWork 
(LAN), or a Wide area netWork (WAN). FIG. 1 is intended as 
an example, and not as an architectural limitation for different 
embodiments. 

[0078] With reference noW to FIG. 7, a block diagram of a 
data processing system is shoWn in Which an illustrative 
embodiment may be implemented. Data processing system 
700 is an example of a computer, such as server 604 or client 

610 in FIG. 6, in Which computer usable code or instructions 
implementing the processes may be located for the different 
embodiments. 

[0079] In the depicted example, data processing system 700 
employs a hub architecture including a north bridge and 
memory controller hub (MCH) 702 and a south bridge and 
input/output (I/O) controller hub (ICH) 704. Processing unit 
706, main memory 708, and graphics processor 710 are 
coupled to north bridge and memory controller hub 702. 
Graphics processor 710 may be coupled to the MCH through 
an accelerated graphics port (AGP), for example. 
[0080] In the depicted example, local area netWork (LAN) 
adapter 712 is coupled to south bridge and I/O controller hub 
704 and audio adapter 716, keyboard and mouse adapter 720, 
modern 722, read only memory (ROM) 724, universal serial 
bus (USB) ports and other communications ports 732, and 
PCI/PCIe devices 734 are coupled to south bridge and I/O 
controller hub 704 through bus 738, and hard disk drive 
(HDD) 726 and CD-ROM drive 730 are coupled to south 
bridge and I/ O controller hub 704 through bus 740. PCI/PCIe 
devices may include, for example, Ethernet adapters, add-in 
cards, and PC cards for notebook computers. PCI uses a card 
bus controller, While PCIe does not. ROM 724 may be, for 
example, a ?ash binary input/output system (BIOS). Hard 
disk drive 726 and CD-ROM drive 730 may use, for example, 
an integrated drive electronics (IDE) or serial advanced tech 
nology attachment (SATA) interface. A super I/O (SIO) 
device 736 may be coupled to south bridge and I/ O controller 
hub 704. 

[0081] An operating system runs on processor 706 and 
coordinates and provides control of various components 
Within data processing system 700 in FIG. 7. The operating 
system may be a commercially available operating system 
such as Microsoft® WindoWs® XP (Microsoft and WindoWs 
are trademarks of Micro soft Corporation in the United States, 
other countries, or both). An object oriented programming 
system, such as the JavaTM programming system, may run in 
conjunction With the operating system and provides calls to 
the operating system from Java programs or applications 
executing on data processing system 700 (Java and all Java 
based trademarks are trademarks of Sun Microsystems, Inc. 
in the United States, other countries, or both). 
[0082] Instructions for the operating system, the object 
oriented programming system, and applications or programs 
are located on storage devices, such as hard disk drive 726, 
and may be loaded into main memory 708 for execution by 
processor 706. The processes of the illustrative embodiments 
may be performed by processor 706 using computer imple 
mented instructions, Which may be located in a memory such 
as, for example, main memory 708, read only memory 724, or 
in one or more peripheral devices. 
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[0083] The hardWare in FIGS. 6-7 may vary depending on 
the implementation. Other internal hardWare or peripheral 
devices, such as ?ash memory, equivalent non-volatile 
memory, or optical disk drives and the like, may be used in 
addition to or in place of the hardWare depicted in FIGS. 6-7. 
Also, the processes of the illustrative embodiments may be 
applied to a multiprocessor data processing system. 
[0084] In some illustrative examples, data processing sys 
tem 700 may be a personal digital assistant (PDA), Which is 
generally con?gured With ?ash memory to provide non-vola 
tile memory for storing operating system ?les and/or user 
generated data. A bus system may be comprised of one or 
more buses, such as a system bus, an I/O bus and a PCI bus. Of 
course the bus system may be implemented using any type of 
communications fabric or architecture that provides for a 
transfer of data betWeen different components or devices 
attached to the fabric or architecture. A communications unit 
may include one or more devices used to transmit and receive 
data, such as a modem or a netWork adapter. A memory may 
be, for example, main memory 708 or a cache such as found 
in north bridge and memory controller hub 702. A processing 
unit may include one or more processors or CPUs. The 
depicted examples in FIGS. 6-7 and above-described 
examples are not meant to imply architectural limitations. For 
example, data processing system 700 also may be a tablet 
computer, laptop computer, or telephone device in addition to 
taking the form of a PDA. 

[0085] The illustrative embodiments provide a computer 
implemented method, apparatus, and computer usable pro 
gram code for optimiZing control cohorts. Results of a clus 
tering process are used to calculate an objective function for 
selecting an optimal control cohort. The term “optimal con 
trol cohort” refers to a mathematically derived control cohort 
that is considered mathematically optimiZed Within a plural 
ity of constraints. The term “optimum” and “optimal” simi 
larly refer to determinations of solutions to mathematical 
functions Within given constraints, and do not necessarily 
refer to the “best possible” outcome or solution. 

[0086] A cohort is a group of individuals With common 
characteristics. A control cohort is a group of individuals that 
share a common characteristic, Where the group of individu 
als of the control cohort do not have a particular hypothesis 
applied to that control groupirelative to other cohorts. For 
example, if the effects of a learning style teaching method are 
being studied on a ?rst group of individuals, a control cohort 
could be a second group of similar individuals Who have not 
received the learning style teaching method. The control 
cohort is compared against individuals or other cohorts that 
received the hypothetical test or procedure to statistically 
prove the e?icacy of the hypothesis. 
[0087] The illustrative embodiments provide an automated 
method, apparatus, and computer usable program code for 
selecting individuals for a control cohort. To demonstrate a 
cause and effect relationship, an experiment must be hypoth 
esis to shoW that a phenomenon occurs after a certain hypoth 
esis is applied to a subject, and that the phenomenon does not 
occur in the absence of the hypothesis. A properly designed 
experiment generally compares the results obtained from a 
hypothesis cohort against a control cohort, Which is selected 
to be otherWise identical. For most hypothetical treatments, 
the same number of individuals is selected for both the 
hypothesis cohort and the control cohort for comparative 
accuracy. In a different area, a classical example is a drug trial. 
The cohort or group receiving the drug Would be the hypoth 
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esis cohort, and the group receiving the placebo would be the 
control cohort. The dif?culty is in selecting the two cohorts to 
be as near to identical as possible while not introducing 
human bias. 
[0088] The illustrative embodiments provide an automated 
method, apparatus, and computer usable program code for 
selecting a control cohort. Because the features in the differ 
ent embodiments are automated, the results are repeatable 
and introduce reduced human bias. The results are indepen 
dently veri?able and repeatable in order to scienti?cally cer 
tify hypothetical treatment results. 
[0089] FIG. 8 is a block diagram of a system for generating 
control cohorts in accordance with an illustrative embodi 
ment. Cohort system 800 is a system for generating control 
cohorts. Cohort system 800 includes education information 
system (EIS) 802, feature database 804, and cohort applica 
tion 806. Each component of cohort system 800 may be 
interconnected via a network, such as network 602 of FIG. 6. 
Cohort application 806 further includes data mining applica 
tion 808 and educational test control cohort selection pro 
gram 810. 
[0090] Education information system 802 is a management 
system for managing subject data. This data may include, for 
example, all manner of educational data including those 
described above. Education information system 802 may be 
executed by a computing device, such as server 604 or client 
610 of FIG. 6. Education information system 802 may also 
include information about population of subjects as a whole. 
Such information may disclose subjects who have agreed to 
participate in educational research but who are not partici 
pants in a current study. Education information system 802 
includes education records for acquisition, storage, manipu 
lation, and distribution of education information for individu 
als and organizations. education information system 802 is 
scalable, allowing information to expand as needed. Educa 
tion information system 802 may also include information 
sourced from pre-existing systems, such as test results, past 
educational studies, and other pre-existing systems. 
[0091] Feature database 804 is a database in a storage 
device, such as storage 608 of FIG. 6. Feature database 804 is 
populated with data from education information system 802. 
Feature database 804 includes subject data in the form of 
attributes.Attributes de?ne features, variables, and character 
istics of each subject. The most common attributes may 
include gender, age, test results, and learning style. 
[0092] Cohort application 806 is a program for selecting 
control cohorts. Cohort application 806 is executed by a com 
puting device, such as server 604 or client 610 of FIG. 6. Data 
mining application 808 is a program that provides data min 
ing functionality on feature database 804 and other intercon 
nected databases. In one example, data mining application 
808 may be a program, such as DB2 Intelligent Miner pro 
duced by International Business Machines Corporation. Data 
mining is the process of automatically searching large vol 
umes of data for patterns. Data mining may be further de?ned 
as the nontrivial extraction of implicit, previously unknown, 
and potentially useful information from data. Data mining 
application 808 uses computational techniques from statis 
tics, information theory, machine learning, and pattern rec 
ognition. 
[0093] Particularly, data mining application 808 extracts 
useful information from feature database 804. Data mining 
application 808 allows users to select data, analyze data, show 
patterns, sort data, determine relationships, and generate sta 
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tistics. Data mining application 808 may be used to cluster 
records in feature database 804 based on similar attributes. 
Data mining application 808 searches the records for 
attributes that most frequently occur in common and groups 
the related records or members accordingly for display or 
analysis to the user. This grouping process is referred to as 
clustering. The results of clustering show the number of 
detected clusters and the attributes that make up each cluster. 
Clustering is further described with respect to FIGS. 9A-9B. 
[0094] For example, data mining application 808 may be 
able to group subject records to show the effect of a new 
learning style on overall test taking effectiveness. In an illus 
trative embodiment, about 35 percent of all subjects at a 
particular school fail a particular test. Students at the school 
are subject to a new learning style teaching method as a 
hypothesis for improving test scores. A statistical control 
cohort of similarly situated students, in terms of background, 
could be developed by cohort system 800, using records from 
historical subjects, subjects from another similar school, and 
subjects who choose not to participate. Potential features to 
produce a clustering model could include age, gender, student 
learning styles, family income, study habits, school location, 
student home locations, test question analysis, other research 
studies, and other features. 
[0095] Data mining application 808 may use a clustering 
technique or model known as a Kohonen feature map neural 
network or neural clustering. Kohonen feature maps specify a 
number of clusters and the maximum number of passes 
through the data. The number of clusters must be between one 
and the number of records in the hypothesis cohort. The 
greater the number of clusters, the better the comparisons can 
be made between the hypothetical treatment and the control 
cohort. Clusters are natural groupings of subject records 
based on the speci?ed features or attributes. For example, a 
user may request that data mining application 808 generate 
eight clusters in a maximum of ten passes. The main task of 
neural clustering is to ?nd a center for each cluster. The center 
is also called the cluster prototype. Scores are generated 
based on the distance between each subject record and each of 
the cluster prototypes. Scores closer to zero have a higher 
degree of similarity to the cluster prototype. The higher the 
score, the more dissimilar the record is from the cluster pro 
totype. 
[0096] All inputs to a Kohonen feature map are scaled from 
0.0 to 1.0. In addition, categorical values are converted into 
numeric codes for presentation to the neural network. Con 
versions may be made by methods that retain the ordinal order 
of the input data, such as discrete step functions or bucketing 
of values. Each record is assigned to a single cluster. How 
ever, by using data mining application 808, a user may deter 
mine a record’s Euclidean dimensional distance for all cluster 
prototypes. 
[0097] Clustering is performed for the hypothesis cohort. 
Educational test control cohort selection program 810 mini 
mizes the sum of the Euclidean distances between the indi 
viduals or members in the hypothesis cohorts and the control 
cohort. Educational test control cohort selection program 810 
may incorporate an integer programming model, such as inte 
ger programming system 1306 of FIG. 13. This program may 
be programmed in International Business Machine Corpora 
tion products, such as Mathematical Programming System 
extended (MPSX), the IBM Optimization Subroutine 
Library, or the open source GNU Linear Programming Kit. 
The illustrative embodiments minimize the summation of all 
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records/ cluster prototype Euclidean distances from the poten 
tial control cohort members to select the optimum control 
cohort. 

[0098] FIGS. 9A-9B are graphical illustrations of cluster 
ing in accordance With an illustrative embodiment. Feature 
map 900 of FIG. 9A is a self-organizing map (SOM) and is a 
subtype of arti?cial neural netWorks. Feature map 900 is 
trained using unsupervised learning to produce loW-dimen 
sional representation of the training samples While preserving 
the topological properties of the input space. This makes 
feature map 900 especially useful for visualiZing high-dimen 
sional data, including cohorts and clusters. 

[0099] In one illustrative embodiment, feature map 900 is a 
Kohonen Feature Map neural network. Feature map 900 uses 
a process called self-organization to group similar subject 
records together. Feature map 900 may use various dimen 
sions. In this example, feature map 900 is a tWo-dimensional 
feature map including age 902 and test-taking success 904. 
Feature map 900 may include as many dimensions as there 
are features, such as those described above. Feature map 900 
also includes cluster 1 906, cluster 2 908, cluster 3 910, and 
cluster 4 912. The clusters are the result of using feature map 
900 to group individual subjects based on the features. The 
clusters are self-grouped local estimates of all data or subjects 
being analyZed based on competitive learning. When a train 
ing sample of subjects is analyZed by data mining application 
808 of FIG. 8, each subject is grouped into clusters Where the 
clusters are Weighted functions that best represent natural 
divisions of all subjects based on the speci?ed features. 

[0100] The user may choose to specify the number of clus 
ters and the maximum number of passes through the data. 
These parameters control the processing time and the degree 
of granularity used When subject records are assigned to 
clusters. The primary task of neural clustering is to ?nd a 
center for each cluster. The center is called the cluster proto 
type. For each record in the input subject data set, the neural 
clustering data mining algorithm computes the cluster proto 
type that is the closest to the records. For example, subject 
recordA 914, subject record B 916, and subject record C 918 
are grouped into cluster 1 906. Additionally, subject record X 
920, subject record Y 922, and subject record Z 924 are 
grouped into cluster 4 912. 
[0101] FIG. 9B further illustrates hoW the score for each 
data record is represented by the Euclidean distance from the 
cluster prototype. The higher the score, the more dissimilar 
the record is from the particular cluster prototype. With each 
pass over the input subject data, the centers are adjusted so 
that a better quality of the overall clustering model is reached. 
To score a potential control cohort for each subject record, the 
Euclidian distance is calculated from each cluster prototype. 
This score is passed along to an integer programming system 
in educational test control cohort selection program 810 of 
FIG. 8. The scoring of each record is further shoWn by integer 
programming system 1306 of FIG. 13 beloW. 
[0102] For example, subject B 916 is scored into the cluster 
prototype or center of cluster 1 906, cluster 2 908, cluster 3 
910 and cluster 4 912. A Euclidean distance betWeen subject 
B 916 and cluster 1 906, cluster 2 908, cluster 3 910 and 
cluster 4 912 is shoWn. In this example, distance 1 926, 
separating subject B 916 from cluster 1 906, is the closest. 
Distance 3 928, separating subject B 916 from cluster 3 910, 
is the furthest. These distances indicate that cluster 1 906 is 
the best ?t. 
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[0103] FIG. 10 is a block diagram illustrating information 
How for feature selection in accordance With an illustrative 
embodiment. The block diagram of FIG. 10 may be imple 
mented in cohort application 806 of FIG. 8. Feature selection 
system 1000 includes various components and modules used 
to perform variable selection. The features selected are the 
features or variables that have the strongest effect in cluster 
assignment. For example, family income and learning style 
may be more important in cluster assignment than subject 
gender. Feature selection system 1000 may be used to per 
form step 1402 of FIG. 14. Feature selection system 1000 
includes subject population records 1002, hypothesis cohort 
records 1004, clustering algorithm 1006, clustered subject 
records 1008, and produces feature selection 1010. 
[0104] Subject population records 1002 are all records for 
subjects Who are potential control cohort members. Subject 
population records 1002 and hypothesis cohort records 1004 
may be stored in a database or system, such as education 
information system 802 of FIG. 8. Hypothesis cohort records 
1004 are all records for the selected hypothesis cohort. The 
hypothesis cohort is selected based on the research, study, or 
other test that is being performed. 
[0105] Clustering algorithm 1006 uses the features from 
hypothesis cohort records 1004 to group subject population 
records in order to form clustered subject records 1008. Clus 
tered subject records 1008 include all subjects grouped 
according to features of hypothesis cohort records 1004. For 
example, clustered subject records 1008 may be clustered by 
a clustering algorithm according to gender, age, physical 
condition, genetics, disease, disease state, or any other quan 
ti?able, identi?able, or other measurable attribute. Clustered 
subject records 1008 are clustered using feature selection 
1010. 
[0106] Feature selection 1010 is the features and variables 
that are most important for a control cohort to mirror the 
hypothesis cohort. For example, based on the hypothesis 
cohort, the variables in feature selection 1010 most important 
to match in the hypothesis cohort may be age 902 and test 
taking success 904 as shoWn in FIGS. 9A and 9B. 

[0107] FIG. 11 is a block diagram illustrating information 
How for clustering records, in accordance With an illustrative 
embodiment. The block diagram of FIG. 11 may be imple 
mented in cohort application 806 of FIG. 8. Cluster system 
1100 includes various components and modules used to clus 
ter assignment criteria and records from the hypothesis 
cohort. Cluster system 1100 may be used to perform step 
1404 of FIG. 14. Cluster system 1100 includes hypothesis 
cohort records 1102, ?lter 1104, clustering algorithm 1106, 
cluster assignment criteria 1108, and clustered records from 
hypothesis cohort 1110. Filter 1104 is used to eliminate any 
subject records that have speci?c factors that Would, by them 
selves, eliminate inclusion of a subject in an educational 
study. For example, it may be desirable to exclude results 
from persons With certain learning disabilities from a particu 
lar study. 
[0108] Hypothesis cohort records 1102 are the same as 
hypothesis cohort records 1004 of FIG. 10. Filter 1104 ?lters 
hypothesis cohort records 1102 to include only selected vari 
ables such as those selected by feature selection 1010 of FIG. 
10. 

[0109] Clustering algorithm 1106 is similar to clustering 
algorithm 1006 of FIG. 10. Clustering algorithm 1106 uses 
the results from ?lter 1104 to generate cluster assignment 
criteria 1108 and clustered records from hypothesis cohort 














